Corneal haze phenotype in Aldh3a1-null mice: In vivo confocal microscopy and tissue imaging mass spectrometry.
ALDH3A1 is a corneal crystallin that protects ocular tissues from ultraviolet radiation through catalytic and non-catalytic functions. In addition, ALDH3A1 plays a functional role in corneal epithelial homeostasis by simultaneously modulating proliferation and differentiation. We have previously shown that Aldh3a1 knockout mice in a C57B6/129sV mixed genetic background develop lens cataracts. In the current study, we evaluated the corneal phenotype of Aldh3a1 knockout mice bred into a C57B/6J congenic background (KO). In vivo confocal microscopy examination of KO and wild-type (WT) corneas revealed KO mice to exhibit corneal haze, manifesting marked light scattering from corneal stroma. This corneal phenotype was further characterized by Imaging Mass Spectrometry (IMS) with spatial resolution that revealed a trilayer structure based on differential lipid localization. In these preliminary studies, no differences were observed in lipid profiles from KO relative to WT mice; however, changes in protein profiles of acyl-CoA binding protein (m/z 9966) and histone H4.4 (m/z 11308) were found to be increased in the corneal epithelial layer of KO mice. This is the first study to use IMS to characterize endogenous proteins and lipids in corneal tissue and to molecularly explore the corneal haze phenotype. Taken together, the current study presents the first genetic animal model of cellular-induced corneal haze due to the loss of a corneal crystallin, and strongly supports the notion that ALDH3A1 is critical to cellular transparency. Finally, IMS represents a valuable new approach to reveal molecular changes underlying corneal disease.